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The Challenge Posed by Chronic 
Obstructive Pulmonary Disease

According to the World Health Organization, 
chronic obstructive pulmonary disease 
(COPD) is the third leading cause of death 
worldwide. In 2019 alone, it caused 3.23 
million deaths around the world and is 
projected to be the leading cause of death 
globally by 2030. 

Linked to smoking and air pollution, COPD 
results in restricted airflow in the lungs. As 
the lungs become increasingly clogged 
with phlegm, patients experience a chronic 
cough, wheezing, difficulty breathing, and 
often feel tired. Unfortunately, there is 
no cure, although symptoms and risk of 
flare-ups can be improved by stopping 
smoking, reducing exposure to air pollution 
and personalised treatment. Available 
treatments include medicines, oxygen 
therapy, pulmonary rehabilitation, and 
vaccinations to prevent lung infections. As 
COPD progresses, patients can find it hard to 
carry on with their day-to-day activities, often 
experiencing breathlessness. The disease is 
also associated with a significant financial 
burden due to healthcare-related costs.

Professor Christopher Carlin, a respiratory 
medicine specialist based in Glasgow, is 
working to change the way that COPD 
is managed. He explains that COPD 
exacerbations – sudden flare-ups of the 
condition where breathing worsens (often 
caused by an infection) – are responsible 
for a large proportion of the disease burden, 
unwanted outcomes, and medical costs. 
Moving away from a reactive approach 
where patients experience worsening 
symptoms and then are treated (often in 
hospital) to a more proactive preventative 
method of care, in which the exacerbations 
are avoided in the first place, is needed.

Exploring the Potential Roles of 
Artificial Intelligence

The Topol Review commissioned by 
the National Health Service outlined 
recommendations to prepare the 
healthcare workforce to deliver a digital 
future using technologies to benefit 
patients. The report noted that advances 
in computing power and algorithm 
design have boosted the development 
of artificial intelligence (AI) based methods 
to analyse, interpret, and make predictions 
using healthcare data. There has also 

been a surge in interest in the potential 
clinical applications of AI, particularly in 
the field of respiratory medicine, with a 
significant amount of research on this 
published since 2016. Following on from 
this, Professor Carlin and his colleagues 
reviewed the current evidence available 
for the application of AI to COPD. They 
concluded that it holds great promise to 
improve healthcare outcomes, particularly 
regarding timely diagnosis and risk 
predictions in the mission to ensure 
proactive preventative care.

Professor Carlin explains that early and 
accurate diagnosis, along with personalised, 
predictive, preventative management, is 
required to address the challenges of 
COPD. He highlights that COPD has been 
identified as the ideal medical field to 
establish clinical, academic, and industrial 
partnerships in order to resolve variations in 
care using the development of AI solutions. 
He adds that such AI solutions could include 
interpretations of imaging and lung function 
tests to allow predictive applications. The 
understanding and recognition of COPD 
in its earliest stages (before symptoms 
appear) has progressed significantly 
such that an AI-based evaluation of chest 
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computed tomography imaging could be used to identify COPD 
at this point, enabling far earlier interventions and, thus, slowing 
disease progression.

Helping Patients on Home Non-Invasive Ventilation

Non-invasive ventilation (NIV) uses a machine to help a patient to 
breathe. The patient has to wear a mask that covers their nose and 
mouth, which is connected to the NIV machine with a tube. The 
machine then maintains a set pressure to support a larger, more 
efficient breath. Professor Carlin states that COPD patients who have 
persistent hypercapnic respiratory failure have improved outcomes 
from long-term home NIV (these are patients with elevated levels of 
carbon dioxide in their blood because they cannot clear it properly 
due to their breathing difficulties). However, he highlights that 
providing home-NIV presents has its own set of challenges, as it 
needs careful monitoring and adjustments. 

Professor Carlin and his team decided to investigate assistive 
technologies that could help these patients. They carried out 
a retrospective study to evaluate the outcomes of home NIV in 
hypercapnic COPD patients who had been set up at their centre using 
two-way remote monitored home-NIV in iVAPS-autoEPAP mode, a 
particular type of machine and mode which can allow automatic 
adjustments. The team analysed records of 46 patients with COPD 
who started remote-monitored home-NIV between February 2017 
and January 2018, and compared data on the ‘time to readmission 
to hospital’ or ‘death at 12 months’ to a control group of 27 patients 
with the same condition who had not been referred for consideration 
for home-NIV, to allow a fair comparison for the study. 

A Technology-Assisted Service Model

Professor Carlin found that the median time to hospital readmission 
or death was significantly prolonged in patients who started home-
NIV, 160 days versus 66 days for the control group, plus the average 
time to hospital readmission was 221 days for the home-NIV 
patients versus 70 days. He adds that carbon dioxide levels were 
kept within a suitable range, and there were no increases in nurse 
home visits for the home-NIV patient group. In fact, reductions in 
healthcare usage were noted.

Professor Carlin concluded that remote monitoring using an ‘auto-
titrating’ or ‘auto-NIV’ mode of home-NIV and two-way monitoring 
is not only feasible but has the potential to achieve the positive 
patient outcomes associated with NIV that have been achieved 
in previous studies. He goes on to explain that since the COVID-19 
pandemic, remote management for respiratory care was mandated 
where possible, and this study was the first to offer an approach, 
demonstrate feasibility, and provide encouraging data supporting 
the use of a technology-assisted service model for home-NIV 
provision to patients with COPD.

Exploring a Digital Self-Management Support Service

Interventions that support COPD patients in self-managing their 
condition have been shown to reduce the length and frequency 
of hospital admissions, improve quality of life, reduce mortality, 
and demonstrate cost-effectiveness. However, Professor Carlin 
explains that clinical teams often lack the capacity to provide 
enough support for these interventions to be effective. Digital self-
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management services offer the opportunity to provide scalable 
access to resources that can supplement standard treatment as well 
as replace existing self-management programmes. While a wide 
range of digital COPD self-management interventions have been 
developed with positive results using internet- or application-based 
tools, methodological limitations such as small sample sizes and 
limited follow-up data mean insufficient evidence of significant, 
persisting benefit from these tools was available.

Professor Carlin and his colleagues conducted the RECEIVER 
trial to evaluate the Lenus COPD support service, a co-designed 
patient web application. They wanted to determine if patients 
with severe COPD would continue to use the tool throughout the 
study follow-up period and to explore the impact of this digital 
service on clinical outcomes with its adoption alongside routine 
care. The study began in September 2019 with 83 participants 
(referred to as the RECEIVER cohort) and included a suitable control 
group to compare clinical outcomes. The researchers determined 
utilisation by the completion of the daily COPD assessment test 
through the application, and they also collected and compared 
data on survival, hospitalisation, quality of life, symptom burden, 
and community-managed exacerbations for the two groups.

Exciting and Promising Results

Professor Carlin’s study found that the use of the application was 
high and sustained across the RECEIVER cohort, with an average 
follow-up of 78 weeks. A total of 64 out of the 83 patients in this 
group completed at least one COPD assessment test entry on 
≥50% of possible follow-up weeks. Importantly, the median ‘time 

to death’ or ‘COPD or respiratory-related hospital admission’ was 
higher in the RECEIVER cohort compared to the control group – 
335 days versus 155 days. A mean reduction was also found for 
‘occupied bed days per year’ (a measure of bed occupancy used 
by hospitals; 8.12 days versus 3.38 days). Last but not least, the 
quality of life and symptom burden remained stable despite the 
progressive nature of COPD. 

Professor Carlin and his colleagues concluded that their findings 
support the implementation of a scaled-up service provision to 
build proactive and preventative COPD care alongside continued 
evaluation of the digital service. Since the results were so promising, 
his team are now undertaking this scale-up implementation 
process.

Artificial Intelligence for Future Management

Professor Carlin says that the positive user experiences and 
useful datasets collated from the RECEIVER trial will support the 
development of future digital innovations, including the use of AI-
derived insights. His next project, DYNAMIC-AI, will integrate digital 
innovations with remote management and predictive modelling for 
COPD care explored in the previous studies with AI-based insights. 
He will also determine the acceptability of such an intervention 
for COPD patients, as well as the technical feasibility and safety 
of using the Lenus COPD AI Insights application.

Although COPD remains a progressive disease, Professor Carlin’s 
continuing work to utilise technology offers genuine and significant 
potential to enhance the care for COPD patients and improve 
patient outcomes.
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Professor Christopher Carlin obtained his BSc in 1997, MB ChB in 
2000, and PhD in 2009, all at the University of Glasgow in Scotland. 
In 2012, he became a Member of the Royal College of Physicians for 
Respiratory Medicine. He is a Consultant Physician for Sleep and 
Respiratory Medicine and the Clinical Lead for Respiratory Medicine 
at the National Health Service (NHS) Greater Glasgow & Clyde. 
He also holds the position of Honorary Professor in Respiratory 
Medicine at the University of Glasgow and is the NHS Research 
Scotland Senior Investigator for Respiratory Innovation. Professor 
Carlin runs a patient-focused respiratory medicine service and a 
research, innovation and training programme. On top of this, he 
has been a principal investigator in the West of Scotland Innovation 
Hub since its founding. He was the lead author for the 2020 Scottish 
Intercollegiate Guidelines Network guidance on continuous positive 
airway pressure in COVID-19 severe respiratory failure and has 
advised on the National Institute for Health and Care Excellence 
guidelines. Professor Carlin has led the utilisation of artificial 
intelligence technology, remote-managed monitoring, and digital 
services to care for patients with chronic obstructive pulmonary 
disease and severe respiratory failure.
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